
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB814309

unclassified

restricted

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only;
Administrative/Operational Use; SEP 1942. Other
requests shall be referred to National
Aeronautics and Space Administration,
Washington, DC. Pre-dates formal DoD
distribution statements. Treat as DoD only.

NACA list dtd 28 Sep 1945; NASA TR Server
website



M 

*-.. 

ai&! 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

No.   860 

•v 

THE   CRITICAL   COMPRESSION  LOAD   JOE A  UNIVERSAL 

TESTING  MACHINE  WHEN THE   SPECIMEN 

IS   LOADED  THROUGH  KNIFE  EDGES 

By  Eugene E.   Lundquist   and Edward  B.   Scnwart« 

Langley  Memorial  Aeronautical  Laboratory 
Langley ffield,   Va. 

CLASSIFIED DOCUMENT 
Tbk document contain« chwified infoonaiSon _.  
the National Defence of tbe United State« within the 
Bxwoing of the Espionage Act, LSC 50:31 and 32. 
rta a/aosmiseion or the revelation of its content* is 
any manner to an unauthorized peison ia prohibited by 
law. Information so classified may be imparted o»i> 
to person« in the military and naval Service* of the 
United State«, appropriate civilian officers and employees 
of the Federal Government who have a legitimate interest 
therein, and to United States citizens of knownRoyalty and 
dwcteiion who of necessity most be informed thereof. 

•ffashington 
September 1942 

- -> >:•     <~ 

-     -,.  2. 

-       ,^.-    *     •••* 

... 
> '   V  .1           >          '.:'"••-   J 

.  * • J>     ''•"               ;..Lrti 
tVv-   <•• .    "*.  .,»i»S.'Jtin!'-* 



NATIONAL ADVISORY COMMITTEE EOR AERONAUTICS 

TECHNICAL NOTE NO. 8 60 

THE OEITIOAL COMPRESSION LOAD FOR A OKIVERSA! 

TESTING MACHINE WHEN THE SPECIMEN 

IS LOADED THROUGH ENIEE EDGES 

By Eugene E. Lundquist and Edward B. Schwartz 

SUMMARY 

The results of a theoretical and experimental inves- 
tigation to determine the critical compression load for a 
universal testing machine are presented for specimens 
loaded through knife edges.  The critical load for the 
testing machine is the load at which one of the loading 
heads becomes laterally unstable in relation to the other. 
Eor very short specimens the critical load was found to 
be less than the rated capacity given by the manufacturer 
for the machine.  A load-length diagram is proposed for 
defining the safe limits of the test region for the machine. 

Although this report is particularly concerned with a_ 
universal testing machine of a certain type, the basic 
theory which led to the derivation of the general equation.- 

for the critical load, 

P   = CCL 
cr 

can be applied to any testing machine operated in compres- 
sion where the specimen is loaded through knife edges.  In 
this equation,  L  is the length of the specimen between 
knife edges and  a  is the force necessary to displace the 
upper end of the specimen unit horizontal distance relative 
to the lower end of the specimen in a direction normal"'to' 
the knife edges through which the specimen is loaded. 

INTRODUCTION 

During the past several years, questions have arisen 
regarding the. stability of universal testing machines.  It 
has been observed that, during a compression test, the 
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part of the machine which bears on the top end of the 
specimen sometimes moves horizontally in relation to the 
part which _applies load to the "bottom end of the specimen. 
Doubts naturally arise as to the value of compression-test 
data when this sidewise displacement occurs.  (See fig. 1.) 

If the ends of the compression specimen are, in effect, 
welded or rigidly attached to the machine, a horizontal 
displacement of the top end of the specimen with respect 
to the bottom end involves an «lastic distortion of both 
the specimen and the machine.  For this condition of the 
ends of the specimen, the critical load at which the hori-. 
zontal movement oecurs'for a centrally positioned specimen 
is given by an equation that involves the elastic proper- 
ties of both the testing machine and the specimen.  If, 
however, the ends of the compression specimen have knife 
edges or frictionless pins through which the load is ap- 
plied, this critical load is given by an equation that 
involves only the elastic properties of the testing machine. 

The present report is concerned with an experimental 
and theoretical investigation of the more simple case in 
which the load is applied through knife .edges. 

DERIVATION OF THE CEITICAL COMPRESSION LOAD FOE 

THE TESTING MACHINE 

Consider the testing machine shown in figure 3.  The 
structural elements of this machine involved in considera- 
tions of stability are shown diagrammatically in figure 3, 

In the following derivation, the specimen is assumed 
to be centrally positioned in and centrally loaded by the 
testing machine.  It is also assumed that the specimen is 
loaded through knife edges and that.the specimen is suf- 
ficiently strong not to buckle befor« the critical load 
for the machine is reached. 

The weighing platen of the testing machine against 
which the upper end of the specimen bears is connected by 
tension rods to th.e base structure, which contains the 
ram and loading platen against which the lower end of the 
specimen, hears.  The upper end of. the specimen i~s~ there- 
fore elastlcally restrained against horizontal movements 
relative to the lower end of the specimen.  Let the 
following"symbol« be defined as: 
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a 

w 

force necessary to displace upper end of specimen 
unit horizontal distance relative to lower end of 
specimen in a direction normal to knife edges 
through which specimen is loaded 

external horizontal force acting at upper end of 
specimen to deflect the two tension rods equally 

P    compressive load on specimen applied "by testing machine 

L    length of specimen between knife edges 

In order to derive the equation for the critical com- 
pression load of the testing machine, assume that the 
machine applies a compressive load p  to the specimen. 
In addition, assume that an external horizontal force If 
is also applied at the upper end of the specimen.  Under 
the action of these forces the upper end of the specimen 
will be displaced horizontally an amount  6  relative to 
the lower end of the specimen.  The total side force  H, 
which results in this deflection  6. is the sum of the 
external horizontal force  W  and the horizontal component 
of the force in the specimen.  Thus, 

E = W + P f (1) 
L 

From the definition of  a 

H = as (2) 

Hence, 

from which 

cc8 = w + p 
L 

6 am^ w 

a - p 
L 

(3) 

(4) 

In the derivation of equation (4) the external hori- 
zontal force  W  was introduced for purposes of analysis. 
In the case under consideration of a specimen centrally 
positioned in and centrally loaded by the testing machine, 
there is no external force  ff  acting.  Tor the case 
of W = 0,  equation (4) shows that a deflection 8  is 
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possible  only  if  the  denominator,     a ->  E.    is   zero.      In a 

perfectly   centered   column  test,   the  upper   end  of   the   spec- 
imen  can  therefore  move  horizontally   in  relation  to   the 
lower   end   of   the   specimen when 

a - £ = 0 (5) 
L 

The value of P  that satisfies this equation is the 
critical compression load for the testing machine, 

Pcr = OCL (6) 

The value of  a  is a function of the dimensions of 
the testing machine, the position of the weighing platen, 
and the load P  through its effect on the stiffness of 
the tension rods.  Because all materials have finite 
values for the modulus of elasticity, the value of a 
will always "be finite.  An important conclusion to be 
drawn from equation (6) is therefore that, as the length  L 
of the specimen approaches zero, the critical compression 
load at which the testing machine becomes unstable also 
approaches zero, even though  a  will be larger when  L  is 
small than when  L  is large. 

EVALUATION Off  a 

Theoretical eval.ua-t.ion.,- On the assumption that  a 
depends only on the bending properties of the tension rode, 
the derivation in the appendix shows that, for  P > 0, 

a = | 1      (7) 
l 1  

mb coth mb + —(ka coth ka - l) 
a 

lor  P = 0, this equation reduces to 

'  6 SI. 
(8) 
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In equation (7), 

SUSI 
and. 

= pLI (9) 
v 2TäT 

m = /ZEZ (io) 

The lengths  a  and  "b  are defined in figure 4.  In ex- 
pressions (9) and (10) the quantities  2BIa  and  221^ 
are the combined bending stiffnesses of the portions of 
the two tension rods of lengths  a  and  b,  respectively. 
In the derivation of equation (7), it was assumed that 
the tension rods were simply supported at their lower ends 
as well as at the flexure-plate support and that the ten- 
sion force in each rod was  p/2. 

It can be seen from figure 4 that, for a given posi- 
tion of the loading platen,  b  is equal to a constant_ 
plus the length of specimen  L.  Equation (7) therefore 
gives  a  in terms of the variables  F  and  L.  The the- 
oretical curves determined by equation (7) are. plotted in 
figure 5. 

Experimental evaluation.- for the experimental deter- 
mination of  a,  a compression-test set-up was used, with 
the addition of.a horizontal side load applied to the 
weighing platen symmetrically with respect to the tension 
rods.  The resulting horizontal deflections were measured 
by the average of _dial gage readings on each tension rod. 
The specimens were steel bars of rectangular cross"section, 
supported on knife edges and having buckling loads above 
100,000 pounds, the capacity of the machine.  Specimen" 
lengths were measured from knife edge to knife edge. 

Before a test run was made, the specimen was centered 
in the machine by shifting the grooved bars in which the 
knife edges were seated.  The dial-gage readings when the 
specimen was loaded to 100,000 pounds with zero applied 
side load were taken as a measure of the accuracy of cen- 
tering, and the centering process was continued until fur- 
ther shifting of the grooved bars produced no further re- 
duction in these readings. "' "^ 

After the specimens had been centered, they were sub- 
jected to axial loads from 0 to 100,000 pounds in incre- 
ments of 10,000 pounds, with two-values of side load  W. 
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If these two side loads,are designated  Wx  and  Wa 
and the corresponding deflections are designated Sj  and 
62,  the value of a     for  a given axial load F  is ob- 
tained from equation (3) with  ff  replaced by (ffa - Wa) 
and  S  replaced by (82 - 8%)»     Thus, the experimental 
values of  a were computed from the equation 

.<8- - 8.) 

(». - »,) 

The experimental values so determined are plotted in 
figure 5. 

Correlation of the theoretical and experimental val- 
ues of  a.- It may be observed in figure 5 that, for any 
given length of specimen, the variation of  a  with P  is 
essentially linear, both for the theoretical values of  a 
calculated by equation (7) and for the experiment_al values 
calculated by use of equation (11).  The failure to obtain 
perfect agreement between the theoretical and experimental 
values of  a  is caused by the idealized assumptions made 
in the derivation of equation (7) and the great difficulty 
of selecting proper dimensions from the actual machine for 
substitution in an equation derived for an idealized ma- 
chine.  The fact that both the theoretical and experimen- 
tal values Of  a  vary linearly with P  suggests that a 
straight line drawn through the experimental points for 
each specimen length would give the true value of  a  for 
any load p.  The true values of  a are therefore assumed 
to be given by the straight-line equation 

a = a0 + np (12) 

where the intercept  a0  and the slope  n  are established 
for each specimen length by the straight line drawn through 
the experimental points in figure 5. 

EVALUATION 0?  Pcr 

The critical compression load for the testing machine 
is given by equation (6).  According to equation (13) the 
value of  a  is a function of the. load  p_ oh the testing 
machine.  The—value of  a- when the load on' the testing 
machine is equal to. the critical' load is therefore given 
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"by equation (12) with P  replaced by Por*  Substitution 

of this value of  a  in equation (6) gives 

?cr = K + nPcr>L W 

from which 
a. L 

cr   1 - nL 

The values of  a0  and  n  in equation (14) depend 
upon the dimensions and elastic properties of the testing 
machine and the specimen length 1.  Jor a particular 
testing machine, the dimensions and elastic properties 
are fixed.  ]For any machine, therefore, equation (14) 
gives the critical compression load as a function of spec- 
imen length L.  The values of  Pcr  established from 
equation (14) by use of the experimental data (table I) 
are therefore plotted as ordinates against  L  as abscis- 
sas in figure 6.  As previously mentioned,  P r  approaches 

zero as  L  approaches zero.  When L  becomes large, 1?cr 
approaches a constant value asymptotically. 

DISCUSSION 

During the useful life of a testing machine, there 
will probably be some, if not many, compression tests made 
in which the specimens are not perfectly centered in the 
machine.  In such cases the loads on the machine are ec-*~ 
centrically applied.  As the load on the specimen is in- 
creased, the effect of this eccentric loading of the ma- 
chine is to cause a horizontal movement of.the upper end 
of the compression specimen relative to its lover end from 
the beginning of loading. - 

In order to show the effect of an, initial deflection 
80,  which produces the same general effect as an eccentric 
load on the machine, equation (4) is written in the form 

1 
6 =  S   --"(IB) 

1-2- 



8 NACA Technical Note Ho. 860 

By definition, 
6„ = JL (16) 
0  <*o 

By use of this relation and equations (12) and (14), 
equation (15) becomes 

5 = 60 

\ i - -£-; 
\    Fcr/ 

In equation (17) the quantity 

 1_  

1 - JL- 
pcr 

is a magnification factor because it shows how the initial 
deflection  §0  is magnified by the load P.  In order 
that the effects of an initial displacement not be greatly 
magnified, the magnification factor must be small in each 
compression test.  The magnification factor will be small 
if the value of  P,  the compression load on the specimen, 
is small in comparison with Pcr« ^or   the proper use of 
the testing machine, the compression load on the specimen 
should therefore not approach too closely the critical 
load for the machine.  The load on the specimen should 
also not exceed the rated capacity given by the manufacturer 
for the machine.  These two conditions establish a test 
region  ABO  in figure 7 to which all knife-edge compression 
tests should be confined.  The particular location of the 
point  B  is established by the maximum magnification fac- 
tor considered permissible.  Because, for very short spec- 
imens,  Pcr  for the testing machine will always be less 
than the rated-capacity, the engineer using a testing ma- 
chine must take the responsibility for its proper use. 
This .responsibility may include the definition of the safe 
limits of the test region determined by the location of 
point  B  on the load-length diagram for the testing machine. 

In the case of long specimens, it is the responsibility 
of the manufacturer to build, into the testing machine a 
value for  Pcr  several times in excess of the rated capacity 
of the machine.  Tension rods of large cross section and a 
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machine of sturdy construction will insure a, high -value 
for  Por  and will narrow the range of short specimen 
lengths for which the user of the"machine must exercise 
judgment.  A testing machine similar in d'esTgn to the one 
shown in figure 2 "but with the äddit io'n~~öI~ another set" of 
flexure-plate supports above the lowest level of the"load- 
ing platen should be much more dependable for compression 
testing of short specimens.  The foregoing recommendations 
to improve the stiffness of the testing machine naturally 
suggest that reasonably close fits betveen parts are also 
desirable. "• 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 

APPENDIX 

DERIVATION OE THE THEORETICAL VALUE OE  a 

By definition  a,  for a testing machine, is the force 
necessary to displace the upper end of the specimen unit 
horizontal distance relative to the lower end of the Spec- 
imen in a direction normal to the knife edges through 
which the specimen is loaded.  In. the derivation that fol- 
lows, it is assumed that the value of  a  depends only on 
the bending properties of the tension rods and that the., 
tension rods are simply supported at their lower ends and 
at the flexure-plate supports. 

Eigure 4 shows the elastic curve of the two tension 
rods considered as a single member.  If a positive moment 
U     is one that produces compression in the fibers to the 
left of the neutral axis and  x  and  y  are positive in 
the directions shown in figure 4, the differential equation 
of the elastic curve of the two tension rods is 

2 

2EI £_£ = -M (A 1) 
dx2 

where  2EI  is the combined flexural rigidity of the two 
rods.  Jor the case shown in figure 4, there are two 
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different expressions for the tending moment and two dif- 
ferent values of flexural rigidity corresponding to the 
two portions  a  and  b  of the tension rods.  Equation 
(A 1) must therefore he written for each portion.  The 
values of flexural rigidity* for the portions  a  and  h 
will De ' 2EIa  and  2EID,  respectively.  If the deflec- 
tions for the two parts are denoted by  y   and  y-^,  the 
differential equation "becomes, for  ~a <x < 0 

dsyn 2EI„ r-s4 » -P(fi " yJ + B x + H(b - x)       (A 2) 
a ax a     z 

and for 0 < x < b 

d2y 
2EIb — I-" = -p(6 - yb> + H(b " x)      (A 3) dx 

From equilibrium of moments, the reaction 

E = Hja_t_bl „- J?,$, (A 4) 
a 

With this value of  E1,  equation (A 2) may be written 

2EI„ —^S- = Pya + (Hb - P6) ( 1 + - J       (A 5) 
dx 

With   the   notation 

8 _£. 
35    =  311 U  6) 

and AiLi-& 

ms=  _P_ 
2Elt 

Equations   (A  5)   and   (A  3)   may  be  written   in  the  for m 

dsy 

dx 
& - kVa = 15LJL_£S2 -k^x + s) u 7) 
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Üfl -  m2y.   =• -ms8  + | mc(b -  x) (A SJ 
dxa » P 

* 
She solutions of these differential equations are 

v. 

y„ = A cosh kx + B sinh kx - 1HD - FS)( i + £}      (A 9) a p   V  ay 

y-h = A» cosh mx + B* sinh mx + 8 ~ S(b - x)        (A. 10) D p 

Ihe four constants of integration  A, B, A1, and  B' 
are established by the following end conditions: 

(ya)    =0 (A 11) a x=o 

(ya)3C=^a =0 (A 12) 

^b>x=o - ° U 13) 

(U±\ = f^) (A 14) 
Vd* /x=o  Vdz /x=o 

With A, B, A', and  BT  evaluated, equation (A 10) becomes 

yb = i-(Hb - PS) cosh mx 

^(Hb-P6) (ka coth ka-l) -H I sinh mx - I(b-x)+6  (A 15* 
Pa L s. J P 

+ -l 

lor  x = b,  y^  equals the deflection  8-  With these values 
of  x  and  y-^  inserted, equation (A 15) can be solved for 
H/S.  By definition (see equation (2)), H/S = a;  equation 
(A 15) then reduces to 

_ P                 1 a — ^ (see equation (7)). 
1 - — 

mb coth mb + 5.(ka coth ka - 1) 
a 

Por  P = 0,  equation (7) becomes 

( 

6EIb 
a0 = (See equation (8).) 

V 
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TABLE I 

VALUES OE  P„_  ESTABLISHED BY 

TEE EXPERIMENTAL DATA 

(kips/in.) 
n 

(inv-i) 1-nL 
a0L 

(kips). 
r     -a°L 

L 
x er  i-nL 

(in.) (a) (a) (kips) 

0 ___ ——— 1 0 0 
5.750 21.96 0.06952 .6003 126.3 210 

10.875 11.76 .04704 .4884 127.9 262 
26.875 3.26 .02688 .2776 87.6 316 
36.875 1.82 .02136 .2123 67.1 316 
50.875 .92 .01676 .1473 46.8 318 

av 
figure 
finite 

aluea read from a large scale drawing of 
5.  The unestablished values for  L = 0  are 



(a) Tested In 1,200,000-pound-capacity 
testing machine. Critioal load not 
reached. Maximum load, 393,000 pounds. 

(b) Tested in 300,000-pound-oapacity 
testing machine. Critical load 
reached. Maximum load, 319,000 pounds. 

_ L 

•-3 
CD 
O 
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s 
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o 

reacnea. Maximum xuau, »ö«,VW ^i—.-.      
Figure 1.- Comparison of results of flat-end compression tests of identical steel sped- H 

mens made in two different machines. 
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Figure 8.- The 100,000-pound-oapacity universal testing machine in 
the HACA structures laboratory. 
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Tension rods 

Weighing "platen 

Knife edges 

Specimen 

Loading platen 

Flesure plate 

Earn 

Base casting 

Weighing capsule 

Figure 3.- The structural elements of a 
100,000 - pound - capacity 

universal testing machine. 
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•-H 

•Upper ond of  specimen 

\„,'-Tension rods 

- Lowor end of specimen. 

% > Y 
v - Ploxurc-plato support for tension rods 

- Support for tonsion rods in "base structure 

Figure 4.- tension rods in the deflected position. 
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Figure 5.- Theoretical and experimental values of a. 
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